The analysis of the uterine contraction have become a general practice in an effort to improve 14 the clinical management of uterine contractions during pregnancy and labour in human 15 beings. The fluctuations in uterine activity may occur without affecting progress of gestation, 16 however the painful and fashion contractions may be the first threat of miscarriage. While 17 pigs were considered as an referential preclinical model, the computational modelling of 18 spontaneous myoelectrical activity of complex systems of porcine myometrium in peri-19 fertilization period has been proposed. The higher order statistic, multivariate cumulants and 20 Joint Skewness Band Selection method, have been applied to study the dependence structure 21 of electromyographic (EMG) signal with an effective EMG feature. Than the model of 22 recognition of multivariate, myoelectricaly changes according to crucial stages for successful 23 fertilization and early pregnancy maintenance has been estimated. We found that considering 24 together time and frequency features of EMG signal was extremely non-Gaussian distributed 25 and the higher order multivariate statistics such as cumulants, have to be used to determine 26 the pattern of myoelectrical activity in reproductive tract. We confirmed the expectance that 27 the probabilistic model changes on a daily base. We demonstrated the changes in proposed 28 model at the crucial time points of in peri-fertilization period. We speculate the activity of the 29 middle of uterine horn and the power (minimum and maximum) and pauses between 30 myoelectrical burst features are essential for the functional role of uterine contractility in peri-31 fertilization period. 32 33 Keywords: 34 EMG activity, higher order cumulant tensors, features selection, myometrium, early 35 pregnancy, sow 36 5 frequency or 'scale' subcomponents provided much more advantageous data, that can be used 105 as indicators of changes in uterine status such as pre-term delivery (Maner et al., 2003; 106 Garfield and Maner, 2007b). In our research we have acquired both recent features (D, A, 107 RMS, P) and following frequency domain subcomponents (DF, Max P, Min P) of EMG 108 signal, from porcine uterus in relation to early pregnancy phenomena. Further we speculate 109 that those features are non-Gaussian distributed due to complex biochemical processes that 110 take place in myometrium, which represents contractile element of the uterine wall composing 111 of SMCs (Rabboti and Mischi, 2015). Observe that higher order multivariate cumulants can 112 be used to analyse non-Gaussian distributed multivariate data (Domino et al., 2018b) such as 113 considering together time and frequency features in our case. Observe as well, that higher 114 order cumulants approach was successfully applied in EEG (Becker et al., 2014) and 115 superficial EMG (Ju and Liu, 2011) data analysis. However, none of recent researchers has 116 introduced the computational modelling of spontaneous myoelectrical activity of complex 117 SMCs systems in peri-fertilization period. 118 119 2. Materials and methods 120 2.
Introduction 37
The analysis of the uterine contraction have become a general practice in an effort to 38 improve the clinical management of uterine contractions during pregnancy and labour 39 (Figueroa et al., 1987; Gajewski and Faundez, 1992 Sammali et al., 2018) . Uterine contractility is known to affect embryo implantation (Rogers et 46 al., 1983; Ziecik et al., 2011; Lammers, 2013) . Furthermore, the quiescence of the uterus 47 during pregnancy is required to maintain pregnancy and allow adequate nourishment and 48 development of the foetus (Gajewski and Faundez, 1992 ; Rabboti and Mischi, 2015; 49 Markiewicz et al., 2016) . During early pregnancy, some fluctuations in uterine activity can 50 always be present without affecting progress of gestation, however the painful uterine 51 contractions occurring in a coordinated and forceful fashion may be the first threat of a 52 preterm delivery (Norwitz and Robinson, 2001) . 53
The animal and in vitro experiments have been found to provide valuable methods and 54 results for parameter estimation, undertaking up to humans clinical studies (Devedeux et al., 55 1993 ; Rabotti et al., 2010) . While pigs are considered as an ideal preclinical model due to 56 many anatomical and functional similarities with humans, the investigations carried out on the 57 porcine reproductive tract may be treated as a referential (Ziecik et al., 1993; Gajewski et al, 58 2001; Kobayashi et al., 2012) . The electrical activity of the porcine uterus as the primary 59 cause of contractions, was established both during estrus cycle (Gajewski et al., 2001; 60 Domino et al., 2018a) and early pregnancy (Maner et al., 2003; Markiewicz et al., 2016; 61 Pawlinski et al., 2017) . In those cases smooth muscle cells (SMCs) contract, action potentials 62 reach a depolarization threshold and generate an electromagnetic field (Eswaran et al., 2004) . 63
The billions of SMCs are coupled electrically by the gap junctions into the complex biological 64 system (Garfield et al., 1977) within numerous electrochemical events generate electric 65 currents as a sum of action potential differences between SMCs (Alkan and Günay, 2012) . 66 Those myometrial electromagnetic field is possible to be measured as voltage and quantified 67 with different sensitivity by electromyography (EMG) ( Sammali et al., 2018) . The EHG was reported as a feasible 70 option to evaluate noninvasively and objectively the myometrial activity in humans, both of 71 the non-pregnant uterus (Sammali et al., 2018) as well as during late gestation and labour 72 (Jacod et al., 2010; Rabotti et al., 2010) . In early gestation in humans, EHG method is 73 insufficient to register the subtle changes in spectral content of uterine EMG signal, whereas 74 invasive EMG method is unacceptable for obvious, ethical reasons (Rabotti et al., 2010) . The 75 needle EMG gathered the bioelectrical signal directly associated with the contractile activity 76 of myometrium, while EHG collected signal abundant in noise generated between uterus and 77 implanted superficial electrodes positioned on the surface of abdomen (Devedeux et al.,1993; 78 Jacod et al., 2010) . Therefore, the electrical activity recorded more invasively, directly from 79 myometrium, may provide crucial information about uterine activity. For this reason the 80 animal models are essential for understanding the sophisticated mechanisms behind the 81 phenomena of contribution of uterine activity into the fertilization and early pregnancy 82 EMG signals can be quantified sufficiently with mathematical functions and transforms such 92 as power spectral analysis (Maner et al., 2003; Garfield and Maner, 2007b) . In frequency 93 domain we receive features corresponding to each frequency bands. However in our work for 94 simplicity and informative significance we concentrate on: dominant frequency (DF), 95 maximum power (Max P) and the minimum power (Min P) which can be estimated by Fast 96 To introduce formally the JSBS we need to refer to Equation (2) again. We can 260 introduce the 3 rd cumulant's tensor , for the formal tensor definition see (Kolda and Bader, 2009 ). 262
Observe that: 263 1 2 3 1 3 2 2 1 3 2 3 1 3 1 3 3 2 1 , , , Kolda and Bader (2009) . This is an 274 argument for taking a first mode unfold as its mathematical notation is simple. Having 275 defined a tensor unfold into matrix, we can define the "joint skewness" matrix: To explain such behaviour we suggest the appearance of simultaneous extreme values 322 of EMG signal features after estrus cycle synchronization beginning in corpus uteri (day -4, 323 Fig. 4C, Fig. 5C ) and spreading along uterine horn (days -3 to 0, Fig. 4B, Fig. 5B ) into the tip 324 of uterine horn (day -3, Fig. 4A, Fig. 5A ). In the middle of uterine horn the most changes in 325 myoelectrical activity pattern between days -3 and 0 have been observed. Garfield The second high jump occur shortly after AI again in the first in corpus uteri (day 1, 342 Fig. 4C, Fig. 5C ) and then in the middle (day 2, Fig. 4B, Fig. 5B ) and in the tip (day 3, Fig.  343 4B, Fig. 5B ) of uterine horn. After AI due to sperm cells motion and myometrium 344 contractions, a small subpopulation of sperm are very quickly (within 1-2 hours) transported 345 from the uterus towards the utero-tubal junction where they colonize sperm reservoir (Rath et 346 al., 2008) . The fate of the majority of sperm is elimination and the rapid removal of sperm is 347 thought to prevent acquired immune response against sperm (Hansen, 2011; Katila, 2012) . The third high jump was detected only in uterine horn, both in the tip (days 8 to 10, 356 Fig. 4C, Fig. 5C ) and the middle (days 6 to 8, Fig. 4B, Fig. 5B Interestingly, at days 11 and 12 the evidences of the largest order were observed in 365 corpus and horns of uterus at once (Figs. 4-5) . At the day 11 after AI, the embryos starting 366 secretion of estrogen, which stimulates luteoprotective prostaglandin E 2 (PGE 2 ) synthesis in 367 the process of maternal recognition of pregnancy (Ziecik et al., 2011) . In this process embryo 368 signals its presence in the uterus and mother receives and accepts this signal (Short, 1969) . 369
When embryo signals are systemically recognized by mother, the corpus luteum function and 370 also pregnancy are maintained, therefore the changes in uterine activity pattern during this 371 period should be also expected. The complex system in which billions of cells comprising 372 myometrium, responds similarly and accordingly to biological signals transmitted through 373 uterine luminal epithelium and underlying smooth muscle layers (Dantzer, 1985; Franczak 374 and Bogacki, 2009). The interaction between embryos and uterine wall provides the 375 quiescence of the uterus requiring to maintain pregnancy. 376
Referring to Figure 4 one can conclude that the 3-order multivariate cumulant gives 377 optimal information about biological phenomena that we are investigate in. The large 378 estimation error of higher order cumulants, especially the 4 th order, should be associated with 379 the relatively small data samples 400 t  . This disadvantage of our method may be improved 380 by increasing radically data sample size as one discussed in Appendix A (Domino et al., 381 2018b ). Nevertheless, in our case higher order multivariate cumulants are much more 382 informative that classical statistics. The following cumulants based tools find application to 383 analyse our data. The norm of the higher order cumulants tensors is used to analyse how far 384 the probabilistic model of data is from a Gaussian multivariate distribution. Moreover the 3 rd 385 cumulant's tensor based Joint Skewness Band Selection (JSBS) is used to order features 386 according to information they carry (Geng et al., 2015) . The hierarchy of features has been 387 successfully determined using the pioneer application of the JSBS to analyse biomedical to the fact that we obtained good quality, viable embryos at day 12, the studied development 406 of early pregnancy should be considered proper. The applied approach is suitable in 407 recognition of crucial stages in peri-fertilization processes providing successful fertilization 408 and early pregnancy maintenance. 409 410
Conclusions 411
An additional novelty of this paper resides in the porcine EMG signal analyzing methodology 412 based on the use of higher order multivariate cumulants. We have applied those cumulants to 413 study the dependence structure of EMG patterns with an effective EMG feature, and then 414 have built up the myoelectrical activity templates for recognizing complex uterine contraction 415 according to crucial stages for successful fertilization and early pregnancy maintenance. 416
Based on our results, we may conclude that due to non-Gaussian joint distribution of 417 features such as, higher order multivariate statistics such as cumulants, have to be used to 418 determine the pattern of myoelectrical activity in reproductive tract. Using those tools, we 419 confirmed the expectance that the probabilistic model changes on a daily base, while 420 analyzing the complex biological system of porcine SMCs and the functional role of uterine 421 activity in peri-fertilization period. We speculate the middle of uterine horn and the Min P, VII  VII  VII  VII  VII  VII  VII  VI  VII  VII  VII  VII  VII  VII  VII  VII  VII  VII   Dominant frequency   2 VII VII  VII  VII  VII  VII  VII  VII  V  VII  VII  VII  VII  VII  VII  VII  VII  VII  VII  [Hz]  3 VII VII  VII  VII  VII  VI  VII  VI  V  VII  VII  VII  VII  VII  VII  VI  VII  VII  VII  Footnotes: D 
